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1. FACIGRS F HECTR A TY

a. Basic Gonposition of Hectricity

(1) Scientists tell us that everything in the world is in
essence nade up of electrical charges.

(a) There are two types of electrical charges, which have
been arbitrarily call ed negative charges and positive charges.

(b) Wen these charges begin to concentrate in one pl ace,
or to nove about, we call this electricity, electrical flow or
electrical current.

(2) Onh autonotive equi pnent, electricity is used for |ighting,
it operates the starter, produces high voltage spark at the spark plugs
in gas powered vehicles, and operates gauges and various ot her
conponent s.

b. Basic Gonposition of Mitter

(1) Matter is described as all material substances whi ch occupy
space or have nass.

(2) If we study the world about us, we find that everything
including solids, liquids and gases is nade up of tiny particles called
at ons.

(a) Atons conbine in snall groups of two or nore to form
nol ecul es.

(b) Ml ecules are nade up of atons and these atons can be
further subdi vi ded.

(c) Wen we divide atons, we find that they contain
snal ler particles, sone of which have positive electrica charges and
others wth negative electrical charges.

(3) There are over 92 known basic naterials in the universe.
These naterials are called el enents.
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(a) Ironis one el enent, copper, al umnum nercury, etc.
are other el enents.

(b) An elenent gets its nane fromthe fact that it cannot
be broken down into snmal l er el enents or subst ances.

(c) Inother words, the basic el ements are the buil ding
nmaterial fromwhi ch the universe is nade.

(4 Srangely enough, if we take any of the known el enents and
study themclosely, we find that they all contain the sane basic
particles having positive and negative el ectrical charges.

(a) Aprotonis a basic
particle having a single positive
charge. Wen conbined into a
group, they produce a positive
el ectrical charge.

(b) Anelectronis a
basic particle having a single
negati ve charge. Wen conbi ned
into a group, they produce a
"negative" electrica charge.

Sructure of an Atom
(FHgure 1)

(c) Aneutronis a
basi ¢ article having no charge.
sone scientists believe that neutrons
are actually an electron and a proton
conbi ned in perfect electrica bal ance.

(6) Hagure 2 illustrates
ne of the fundanental rules in
the study of electricity that
w il aidin understand ng
electrical current is the rule of
charges, which states:

(a) "Like charges
repel " each other and "unlike
charges attract" each other.

(b) The rule of
charges does not apply to the



neutrons in the at ombecause
they have no el ectrical charge.

Char ges

Rul es of Hectrical

(FHagure 2

(7) Though neutrons have no el ectrical charge, they do have the
ability to cancel out the repelling forces between protons in an atomc
necl eus and thus hol d the nucl eus toget her.

Sructure of the opper A ons
(FHgure 3

(a) FHagure 3illustrates
the structure of the atons and
nay be conpared to the sol ar
system wth the sun at the
center or nucl eus.

(b) The planets (Earth,
Mars, etc.) revol ving around
the sun, nay be conpared to the
electron in orbit around the
nucl eus of the atom

c. Conposition and dassification of Henents

(1) As previously stated there are over 92 basic el enents whi ch

are

nade up of atons. Let us examine nore closely the conposition of

el enent s
that we are all aware of.

(2) The copper el enent
illustrated in Hgure 4, contains
29 protons and 29 el ectrons and
therefore is identified as 29
on the atomc scal e.

(a) The center of the
copper atomcontai ns the 29 protons
and the neutrons that nake up the



nucl eus or center. Qur concern, however,
is the electron because it is the
particle that does the work in autonotive
circuits.

(b) As nore el ectrons and
protons are added to the atom the
circular path or orbit around the center
of the at omchanges.
Qopper At om
(c) The 29 electrons in the (FHgure 4)
copper atomare distributed in four
separate rings, wth each ring a greater
di stance fromthe center.

(d) The three rings of electrons that are | ocated nearest
the center are called bound el ectrons because they cannot be noved from
orbit easily. In other words they are strongly attracted to the center
by the protons.

(e) Hgure 4 illustrates a single electron in the outer
ring and is the greatest distance fromthe center. It is called the
"free electron.” Because of the great distance fromthe center, the
free electron is not as strongly attracted by the protons, and
therefore can be nade to nove easily fromits orbit.

(f) Recalling the rule of charges; unlike charges attract
and | i ke charges repel, you nay ask, what keeps the el ectrons from
noving into the center of the aton?

(g) Qoposing the
attraction between the two

particles and thus preventing
the el ectron fromnoving into
the center of the atom is the
centrifugal force caused by the
circular path of the el ectron.

1. This is the sane
sort of bal ance you woul d get if
you were to whirl a ball tied to
a string around your head.

2. The centri fugal
force exerted tries to nove the
ball out of its circular path,
but the attractive



Qopper At om force of the string retains it.
(FHagure 4)

3. The centrifugal force of the el ectrons nove them
away fromthe center of the atom until that force is equal to the
attractive force of the protons. Wen the two forces are equal the
atomis bal anced and the el ectrons w il continue to nove around the
pr ot ons.

4. The attractive force between the el ectrons and
protons sonetines is not strong enough to hold the electron in the
outer ring and the electron will break "free" and fly away.

(h) The el enent copper contains but one electron in the
outer ring of the atomand that el ectron can easily be noved fromits
orbit and becone a free el ectron.

Qopper Wre
(FHgure 5

(i) (Hgure 5 A copper wre for exanpl e, contains
countless billions of free el ectrons that can be nade to | eave their
atons when an attractive force is applied to the wre.

d. Charges in Mtion

(1) Hectrons can be nade
to leave their atons in nost
materials, when a force is

appl i ed.

(20 (Hgure 6.) Wen
nunerous el ectrons break free
fromtheir atons and gather in



one area, we call that
effect a charge of electricity.

(3) Wen el ectrons begin
to nove in one direction, (such

as along a
wre, for exanple) we call that
ef f ect
aflowof electricity or
electric
current.
Qopper Wre wth Attractive (4) Like electrical
char ges
For ces repel each other and unlike
el ectrical
(FHgure 6) charges attract.

(5) Hectrons such as those contai ned in the copper atomare
always in notion around the center of the atom

(6) The nunber of electrons in the outer ring of the atom
determines to a great extent the el ectrical characteristics of the
el enent .

(7) Aons, that are present in all naterials, nust have the
sane nuniber of protons as el ectrons to be satisfied.

(a) If afree electron was to | eave an atom the atom
woul d be deficient in el ectrons and therefore have a positive
el ectrical charge, caused by the vacancy or hol e | eft behi nd.

(b) If an atomcontains nore el ectrons than it has
protons, it is nore negative than positive, and therefore has a
negative el ectrica charge.

(c) So, what you have created here are two charges, a free
el ectron (negative charge), and a free hole (positive charge). It does
not nmatter which of the charges you followal ong a wre or conductor.



e. onductors

(1) The nost common
conduct or used in autonotive
circuits i s copper.

(2) Qopper contains
countless billions of electrons
and the el ectrons in the center
rings are called "bound
electrons.” iy the el ectron
inthe outer ringis illustrated
and that is one we wll discuss
at this tine.

(3) Keeping in mnd the

rul e of
Qurrent How in a Qopper charges, unlike charges attract
and
(onduct or l'i ke charges repel.

(FHgure 7)

(a) Looking at the illustration of the positive charge at
the end of the copper wre, (that is the attractive force) in FHgure 7
we find that the free electron in the atomof the copper conductor is
attracted to the positive electric charge and is pulled anay fromits
at om

1. Wen this occurs, the atons nearest the positive
charge are no longer in electrica bal ance because they have | ost the
free electron in the outer ring.

2. Wen the atons in the conductor near the positive
end lose their electrons, they becone positively charged because they
are deficient of the free el ectron.

3. The atomnearest the positive charge now passes an
attractive force that causes the electron in the outer ring of the
nei ghbor atomto be attracted to it.

4. The neighbor atomw || give upits electron to the
first atomand at the sane tine col | ect another el ectron from anot her
nei ghbor .

(b) The net result of this action is a novenent of
el ectrons, through a wre, wth the negative charge at the opposite end



of the wre providing a repelling force that is equal to the attractive
force of the positive charge.

(c) BHectrons will continue to flowin awre as |long as
the positive and negative charges are nai ntained at the ends of the
wre.

(d) The continuous flow of electrons in a conductor is
called "dynamc electricity." Hectricity is the flowof el ectrons
fromatomto atomin a conductor. In other words, current is none
other than a flow of el ectrons through a conductor or conponent.

(4 Material wth less than four electrons inits outer ring is
consi dered to be a conductor.

(a) If the material has nore than four electrons inits
outer ring, it is considered to be an insul ator.

(b) Exanples of naterials that are used as insulators in
autonotive circuits are: porcelain, rubber, and plastic.

1. Insulators are used in electrical circuits to keep
the current flowin its proper path.

2. Insulators to be used on wres are determned by
the anount of electrical pressure that is applied to the circuit.

How of Witer Gonpared to
How of Qurrent
(FHgure 8



f. Hectric Qurrent Myving Through a Gonduct or

(1) (Hgure 8 To aid in our understanding of how el ectricity
behaves, we can conpare the flowof electricity to the flow of water
through a hose. Before water wll flowthrough the hose, it nust have
pressure to overcone resistance. Wen you turn on the faucet (high
pressure side of the hose) [voltage], the water pressure overcones the
inertia (resistance to change) of the still water in the hose.

(a) This pressure noves a certain quantity of water,
dependi ng upon the size of the hose. Hectric current inawre
behaves simlarly to the water flowng in the hose.

(b) Hagure 8illustrates

the fl ow of water conpared to
the fl ow of current. The | ow
pressure side of the hose

represents the attractive force of
the positive (hol es or |ack of
el ectrons) charges.

(c) The high pressure side
of the hose represents the
pressure or voltage caused by
the repelling forces that is
pl aced on the conductor by the negative

charge. The quantity of el ectrons
flowng in the conductor is called
anper age (al so called current).

(2) The water hose is the

conduct or t hat
water in the sane nanner that an
el ectrical conductor contains

and How of Witer Gonpared to directs the novenent of
el ectrons.
How of Qurrent
(FHgure 8

(a) The novenent of electrons, or current flow will
encount er sone resistance along its travel through its conductor. Hw
nmuch resi stance woul d depend upon the physical properties of the
conduct or .

(b) The hose wth a snall dianeter has nore resi stance to
flowng water than the hose wth a larger dianeter.



g. Methods of Producing Hectricity and Factors that Gontrol
Qurrent Howin Autonotive Hectrical Systens

(1) There are two nethods used to produce the energy required
to cause current to flowin conductors of autonotive circuits. The
net hods are:

(a) the nechanical nethod used in the alternator.

(b) the chemca nethod used in the autonotive storage
battery.

(2) The storage battery consists of |lead plates that are
inmersed in a solution of sulfuric acid and water. Wien charged, the
chemcal reaction between the plates creates the potential energy or
force necessary to cause current flow

(3) Think of the battery plates as the attractive and
repelling forces at each end of the conductor.

(a) Looking at Hgure 9, we
see that the positive plate is
identified wth a (+) nark and
t he negative plate is identified
wth a negative (-) nark.

Qurrent H ow
(FHgure 9

(b) That is because the negative plate (when charged) has
an excess of electrons. In other words, the atons that are contai ned
inthe active material of the negative (-) plates have nore el ectrons
than protons and therefore have a negative el ectrical charge.

(c) The positive plate is deficient in electrons. The
atons that are concentrated in the active material of the positive (+)
plate contain nore "protons” than el ectrons and therefore have a
positive "electrical charge."

(d) The positive and negative el ectrical charges that are
collected at the ends of the conductor provide the repelling and
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attractive forces that are necessary to cause el ectrons to | eave their
at ons.

(4 Againrecalling the rule of charges, "unlike charges
attract” we wll nowrefer to the positive battery plate.

(a) The electrons contained in the atons at the negative
end of the conductor are attracted by the positive charged atons that
are concentrated at the positive battery termnal.

(b) That attraction causes the free electrons in the
conductor (that is attached to the positive battery post) to | eave
thei r atons.

1. Wen electrons | eave the atom it loses its
el ectrical bal ance and exerts a strong positive force on its nei ghbor
at om

2. The nei ghbor atomgives up its electron to the
first atomand col |l ects another el ectron fromits nei ghbor, on down the
conduct or .

(5) Looking at the negative (-) battery plate that contai ns an
excess of electrons and recalling that "like charges repel," | ook what
happens here.

(a) The electrons that are contained in the atons at the
negative end of the conductor, are repelled by the negative charged
atons that are concentrated at the negative battery termnal .

(b) The repelling force of the negative battery plate in
conjunction wth the attractive force of the positive battery plate
causes the el ectrons to nove fromatomto atomin the conductor.

(c) As stated earlier, any charges in notion, be it
positive or negative is described as current flow Wen
troubl eshooting an autonotive el ectrical system it's nuch easier to
followthe positive lead fromthe battery to the using conponent to
vehi cl e ground, vice the other way around.

h. Qirrent

(1) Ve have established
the fact that current is nothing nore
than the novenent of el ectrons from
atomto atomin a conductor; and to
cause that novenent, a force is required.
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(2) Inthe early days of
electricity, current was referred to
as intensity. Qurrent is identified
wth the letter "I".
Qurrent How
(H gure 10)

(a) The unit of neasure for current is the anpere and it
is neasured wth an ameter as illustrated in FHgure 10.

(b) The ammeter, when connected to the circuit correctly,
neasures the nunber of electrons that pass a given point in the
circuit.

(c) Ve think of one anpere as a rather snal | anount of
current flow however, it is about the amount required to light a 120
watt light bulb.

(d) Actually, one anpere is a trenendous flow of
electrons. Mre than 3 billion el ectrons are required to pass a gi ven
poi nt in one second
to equal one anpere of current flow

(e) Qurrent is one of the nost inportant factors of
electricity
because it is the one that does the work for us.

(f) Inorder for current to flowin an electrical circuit,
it nust have a conpl ete path to follow The path nust be conplete to
and fromthe source of energy; in this case, the battery.

1. Looking at Hgure 10, we see a conductor connected
to the positive vol tage source.

2. Followng the path, we see that current flows from
the source through the nain el enent (bul b) and back to the negative
termnal of the source.

3. The source of the energy in autonotive circuits is
the storage battery or alternator.

(g) Athough current is one inportant factor of
electricity, there is one other factor that is equally inportant; that
factor is voltage.

j. \Woltage. Inthe early study of electricity, voltage was call ed
nany t hi ngs.
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referred
energy" because it had
ability to performwork by causing

el ectrons to nove through a wre.

was
el ectrical

is
flowis

\ol t age
\ol t age
"E'.
(FH gure 10)

(1) \Woltage was first
to as "potenti al
t he

(2) Sonetines voltage
referred to sinply as
pressure.

(3) Today the force that
required to cause current to

referred to as "vol tage" or
"el ectronotive force" (enf).

isidentified wth the letter

(4) FRegardless of what we call voltage, it is theinvisible
force that is required to have current flowin any electrical circuit.

(5 The unit of neasure for voltage is the volt, just as pounds
per square inch is used to neasure water pressure.

(6) The neter used to neasure voltage is referred to as a

vol tneter.

(7) The concept of voltage is sonetines difficult to
understand, but the foll ow ng conparisons are often hel pful .

(a) Wltage is like a stretched rubber band or a spring

that has been conpressed.

(b) It represents potentia energy or the ability to do

vor K.

(c) Wen a storage battery is charged, potential energy
exi sts between the negative and positive battery posts even though no
current consumng devi ces are connect ed.

1. \oltage sinply "stands by,

waiting to expend its

potential energy whenever current consumng conponents are connected to

t he vol tage sour ce.
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2. Thus, voltage can exist in autonotive circuits
wthout current, but current cannot exist wthout voltage, because
voltage is the el ectronotive force that pushes the current al ong the
conduct or and t hrough the conponents.

3. To assist in understandi ng the concept of voltage,
let's conpare the autonotive storage battery wth water storage tanks
as illustrated in Hgure 11.

Hectrical Pressure Gonpared
to Vdter Pressure
(HAgure 11)

(d) Ve knowthat current wll not nove through a conductor
unless a difference in electrical pressure exists at each end of the
conduct or .

(e) Looking at the water tank on the right in FHgure 11,
we findit isfilled wth water and the other is enpty.

(f) Ve wll assune the tank that is full of water has a
pressure of 12 PS.

(g) The tank on the left is absent of water, and because
of that we wll assune that it has a pressure of zero.

(h) The plates in the autonoti ve storage battery are
electrically equivalent to the two water tanks.

1. The negative battery plate is electrically

equivalent to the full tank, because it has an excess of electrons and
applies pressure to the circuit.
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2. The positive battery plate is electrically
equivalent to the enpty tank because it has a shortage of el ectrons and
provides an attractive force to the conductor or circuit.

3. If avoltneter was connected across the two
battery posts, we would find the difference in electrical pressure to
be 12 volts.

4. If we were to attach a pressure gauge to the water
tanks, the full tank would indicate 12 P9, and the enpty tank zero. A
difference of 12 PS of water pressure woul d be indi cat ed.

(1) Located at the

bot t om of the storage tanks in
FHgue 12 is a pi pe and val ve,
whi ch connects the two tanks and
provi des a neans for control ling

t he novenent of water.

(j) MNowwe wll open

t he

val ve and see what happens to
t he water. This action coul d be
conpar ed to turning on the
lights of your aut onobi | e

w t hout the engine running.

1. Wth the val ve
open, water wll flowfromthe
full tank to the enpty tank.

Hectrical Pressure Gonpared
to Vter Pressure
(FHgure 12.)

2. This flowwl!l continue until the pressure is
equal in both tanks or both tanks contai n the sane anount of water.

3. The sane is true for the autonotive storage
battery. Wth the lights on and the engi ne not running, the flow of
electrons wll continue until both plates have the sane anount of
electrons, or in other words, until the battery becones di scharged.

4. So, the conparison is this, when both water tanks
have the sane anount of water or both battery plates have the sane
nunber of electrons, all action stops. The lights go out or the
transfer of water stops.

V-15



(k) Looking at the water tanks in FHgure 12, we now
observe that both tanks contain the same anmount of water and there is
no difference in pressure between the two tanks.

1. If we place a voltneter across the battery posts,
we would find no difference in electrical pressure and the battery
woul d be in a discharged state. This is because the active naterial in
the negative and positive plates have the sane nunbers of el ectrons and
therefore have lost the repelling and attractive forces that are
necessary to cause current flow

2. Voltage, therefore, is produced between two points
when a positive charge exists at one point and a negative charge exists
at the other point.

3. The greater the deficiency of electrons at the
positive battery post and the greater the excess of electrons at the
negative battery post, the greater wll be the voltage.

4. The voltneter sinply neasures the difference in
el ectrical pressure between the negative and positive vol tage source.

(1) There are two inportant facts to renenber. e, you
nust have voltage present in an autonotive circuit in order to have
current flow Two, voltage is the el ectronotive force required to
cause current flowthrough any circuit or conponents.

k. Resistance. Al conductors and conponents in circuits offer
sone neasure of resistance. The resistance results prinarily fromtwo
factors.

(1) One factor is that each atomresists the renoval of an
el ectron because of the attraction exerted on the el ectrons by the
protons in the core of the atom

(2) The other factor involves the countless collisions that
occur between el ectrons and atons as the el ectrons nove through the
conductor. These collisions create resistance and cause heat to appear
in any conductor or conponent in which a current is flow ng.

(3) Howgood a conductor is will be determned by its | ack of
resistance to the flow of current.

(a) To honor the achievenents of Or. George S non Chm the
standard unit of neasurenent for resistance is called an CHV
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(b) Resistance is neasured with an ohrmeter and is
identified by the letter "R" Fequently it may be identified by the
Geek letter "onega” as W

(4) There are nmany factors that determne the resi stance of a
conduct or .

(a) Qe of these is the nunber of free electrons in the
conduct or .

(b) Slver has the nost free electrons and is therefore
the best conductor, but it is too expensive for use in autonotive
circuits.

(c) Copper is a good conductor and is the nost conmon
conductor used in autonotive circuits.

Resi st ance
(Hgure 13)

(50 Qher than the properties of the conductor, there are nore
common factors that you as autonotive nechani cs shoul d keep in mnd
about conductors and resi st ance.

(a) Asillustrated in Hgure 13, the size or cross section

of
the conductor wll also determine its resistance to current fl ow

Resi st ance
(Hgure 13)
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1. The larger the dianeter of a conductor, the nore
electrons it has; and therefore, a large dianeter conductor wll
conduct a greater anount of current than a snall di aneter conductor.

2. An exanpl e of conductor size is the battery to
starter cable. The starter cable is the | argest conductor (dianeter
wse) used in the autonotive el ectrical systembecause the starter
requires a larger anount of current than any other electrical
conponent .

(b) The resistance of wres used as conductors is al so
dependent upon the length of the wre.

1. If the length of the wre is doubled, the
resi stance between the wire ends i s doubl ed.

2. In other words, the [onger the wre the greater
the resistance and the shorter the wre the less the resistance. G
course, we are tal king about wres of the sane size in this case.

(c) Another inportant factor affecting the resistance of a
wre is tenperature. As tenperature increases, the resistance of the
wre wll increase.

(d) Resistance is one of the nost inportant electrical
factors, because current flowis in direct proportion to resistance.

1. If resistance in an electrical circuit increases,
current floww || decrease in proportion to the increase in resistance.

2. If resistance in an electrical circuit decreases,
current floww !l increase in proportion to the decrease in resistance.

(e) There are three inportant facts to renenber about
wres used for conductors in autonotive circuits:

=

The longer the wre, the greater the resistance.

2. The snaller the wre, the greater the resistance.

3. The hotter the wre gets, the greater the
resi st ance.

(6) Keeping in mnd the three factors of electricity; voltage,
current and resistance, it is inportant to renenber that these factors
are
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closely related in all autonmotive circuits. There are a few basic
rules to keep in mnd that nay hel p in understanding current flowin
electrical circuits.

(a) If resistance inthe circuit renains the sane and
voltage is increased, the result wll be an increase in current flow

(b) If resistance inthe circuit remains the sane and
voltage is decreased, the result wll be a decrease in current flow

(c) If voltage inthe circuit renains the same and
resistance is increased, the result wll be a decrease in current flow

(7) BEvery autonotive electrical circuit that is conpl ete has
current, voltage, and resistance.

(a) The battery or alternator supplies the voltage whi ch
forces the current through the circuit.

(b) The circuit consists of wres, straps, |ights,
sw tches and ot her using conponents, which in turn nake up the
r esi st ance.

(c) Swtches are used to open and close the circuits.

Hectrical Factors and Lhits of Measure
(Hgure 14)

(8 Toisolate nalfunctions in autonotive circuits and
conponents, you nust be able to neasure the val ue of each el ectri cal
factor.

(a) Amperage is identified by the letter "I"; the unit of
neasure is the anpere and it is neasured wth an ammet er.
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(b) Voltage is identified by the letter "E'; the unit of
neasure is the volt and it is neasured wth a vol tneter.

(c) Resistance is identified by the letter "R'; the unit
of neasure is ohns and it is neasured wth an ohnmet er.

2. TYPES G- AUTOMDN VE HECTR CAL A RAU TS

a. Autonotive Hectrical Qrcuits. There are three types of
circuits used in autonotive electrical circuits. They are called
series circuits, parallel circuits, and a conbi nati on of the two that
iscalled a series-parallel circuit.

b. Shematic D agrans.

Wring diagrans | ocated in our
t echni cal nmanual s used in
t roubl eshoot i ng aut onot i ve
electrical systens are cal l ed

schenatic diagrans. Various
synbol s are used on the diagrans to
identify electrical conponents.

c. Snple drcuit

(1) The nost sinple

circuit
nust have wres to conduct the
current; a source of vol age,
such
Hectrical Synbol s as a battery or alternator and,
(FH gure 15) a using conponent such as a
light
bul b.

(2) Acircuit can be illu-
strated in three basi c ways.

(& Qdrcuit "A" in

FHgure 16 shows a sinple, two-wre
series circuit. The battery is the
vol tage source. Two wres are used to
conduct the current to and fromthe
source, and a light bulbis
illustrated as the using conponent Snple drcuit
that consists of the resistance. (FHgure 6)
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(b) drcuit "B' in Hgure 16 shows a sinple single wre
circuit. Thisis the type that is used on autonotive el ectrical
systens. The netal parts of the vehicle take the pl ace of the second
wre and provide a coomon ground to conplete the circuit back to the
vol t age sour ce.

(c) drcuit "C inHgure 16 is the sane as the singl e
W re systemdescribed above. The only difference is that synbols are
used to identify circuit conponents.

1. The battery synbol indicates a 12 volt battery is
bei ng used.

I

The resi stance synbol is used to identify the
usi ng conponent .

3. The ground synbol is used to identify the point
that the circuit is connected to a common ground.

(3) For any electrical circuit to function and be conpl ete, it
nust have voltage, current, and resi stance.

d  Series drcuit

(1) Looking at circuit

"A" of of Hgure 17, we see a
two-wre series circuit wth a
swtch to control the circuit by

turning it on and of f.

(2) Two bulbs are
connected to the circuit as
usi ng conponent s.

(3) Inaseries

circuit, the current has only
one path to flowto and fromthe
sour ce.

Series drcuit
(Hgure 17)

(4) The two lanps are connected end to end and are said to be
connected in series.
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(a) You may recall the Christnas tree |ights used on
Gristmas trees, the type that when one |ight goes out, they all go
out .

(b) They go out because each light is connected end to end
or in series and when one bul b burns out the circuit becones open and
current cannot flowin an open circuit.

(5 Looking at circuit "B' in FHgure 17, we see the sane
circuit displayed using the single wre systemw th the netal parts of
the vehicle providing the ground circuit.

(6) drcuit "C' inFHgure 17, is the single wre circuit that
isillustrated in drcuit "B'. The only difference is that synbol s are
bei ng used to identify conponents and resi st ance.

e. Parallel Qrcuit

(1) The two-wre parallel

circuit illustrated in FHgure 18
is different than the series circuit
in that:

(a) Several conponents
are connected to the sane vol tage
sour ce.

(b) Asillustrated in
circuit "A', these conponents are

connected parall el or side by side. Parallel Qrcuit
(FH gure 18)
(c) The parallel branches provide nultiple paths for
current flowmw The circuit illustrated shows four separate parall el
br anches.

(d) Wen conponents are connected paral |l el (side-by-side)
inthis manner, each branch functions as an individual circuit and the
current flowin each branch will be in direct proportion to the
resi stance of that branch.

(e) Dueto the fact
that each parallel branch is
connected to the sane vol t age
source, one bul b can burn out
w thout any ot her branch goi ng
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out as they do in the series
circuit.

(2) The single-wre
parallel circuit illustrated is
representative of lighting
systens used on aut onoti ve
vehi cl es.

Parallel Qrcuit
(H gure 18)

(a) Aswtchis usedto turnthe lights on and off.
Sntches may be installed to turn off all lights in the parallel
branches at the sane tine or installed in individual branches to
control each light.

(b) Inaseries circuit, installing a swtch at any poi nt
inthecircuit wll control all lights because the current has only one
path to fol | ow

(c) The current flowin the single-wre systemis a little
different fromthe two-wre systemin as nuch as it relies entirely on
the netal parts of the vehicle for a conductor back to the voltage
sour ce.

(3) drcuit "C shown in Fgure 18, is the sane as the singl e

wre circuit just discussed, the difference being that synbol s are used
to identify conponents inthe circuit.

f. Series-Parallel drcuit

(1) drcuit "A" in Hgure
19 the shows an illustration of
atw-wre series-parallel
circuit.

(a) Notice the
| ocation of the conponents; one
light is connected in series
wth the four parallel branches.

(b) Inthiscircuit
arrangenent, the current nust
fl ow
through the light that is
connect ed
inseries and then it is divided
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bet ween the four parall el
br anches.
Series Parallel Qrcuit
(Hgure 19)

(c) Part of the voltage wll be used by the light that is
connected in series and the voltage renaining wll be available at the
paral | el branches.

1. Let's assune that the voltage availabl e to power
the circuit is 12 volts and the vol tage expended by the |ight connected
inseriesis 6 volts.

2. Inthis exanpl e, the renaining vol tage woul d be 6
volts and that is the voltage that is applied to each of the parallel
br anches.

(2) drcuit "B' inFHgure 19 is a representative of single-wre
circuits used on autonotive vehi cl es.

(a) Keepinmndthat the distribution of voltage in a
series- parallel circuit isalittle different than a straight parallel
circuit.

(b) Inthe parallel circuit, the voltage applied to each
branch was the sane as source voltage. However, in the series-parall el
circuit, the applied voltage wll be | ower than source vol tages because
sone of the voltage wll be used by the conponents that are in series
wth the paral |l el branches.

(3) drcuit "C inHgure 19 is the sane as the single-wre
circuit except synbols are again used to identify circuit conponents.

g. Autonotive drcuits

(1) Al na or conponents
inan autonotive circuit are in
parallel wth the battery or
alternator, while other
conponent s such as swtches and rel ays are in series.

(a) Looking at the
illustration of the starter in

FHgure 20, we see that the
starter notor is paral | el across
the battery, while the sw tch
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that controls the starter is in
series wth the vol tage source.
Automotive drcuits
(FH gure 20)

(b) The next conponent is the ammeter. It is connected in
series wth all conponents in the el ectrical systemexcept the starter.

(c) The alternator is connected parallel across the
circuit.

(d) Theignition swtchis connected in series wth the
starter.

(2) It isinportant to renenber when troubl eshooting the
el ectrical systemof autonotive vehicles, that the single-wre system
i s used excl usively.

(a) Each circuit is grounded to sone netal part of the
vehi cl e.

(b) Asillustrated in Hgure 20, the frane or other netal
parts take the place of the second wire and provi des a conmon ground
for the current to return to the source.

h. Rules that Pertainto Hectrical drcuits

(1) Basic RUles. There are basic rules that apply to
everything you do in the mlitary and civilian comunity.

(a) Rules or regulations are necessary to protect the
rights of all people.

(b) There are sone fundanental rules that apply to
electrical circuits that the autonotive nechanic nust be famliar wth
in order to understand the operation of electrical circuits and
conponents and be able to safely test them

(c) Therules for electrical circuits are alittle
different for each type of circuit. | wll cover the basic rules that
apply to each type circuit, starting wth the series circuit.

(2) Rules that Pertain to the Series drcuits

(a) The first rule pertains to current in a series circuit.
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1. The rule states that: In a series circuit, equal
current flows inall parts of the circuit.

2. This sinply
neans if you were to connect an
ammeter to the circuit to neasure
current flow as illustration in
FHgure 21, the readi ng woul d be the
sane in all parts of the circuit.

(b) There are several
rules that pertain to voltage in a
series circuit. The first of these
states:

1. FHagure 22 illu-
strates that voltage drop or |oss
across each conponent is in proportion
of the resistance of that conponent. Qorrect Howin a Series
drcuit
(A gure 21)

a. Al conponents
of autonotive circuits offer a
resistance to current flowin
t he circuit.

b. This neans
that if a voltneter was connected
across two conponents in a series
circuit having different resistance
val ues the vol tage drops woul d be

in direct proportion to the
resi stance of t he i ndi vi dual
conponent s.
Voltage in a Series Arcuit
(Hgure 22)

c. The lower the resistance, the |ower the voltage
drop and the higher the resistance, the higher the voltage drop across
t he conponent.

2. The second rule that applies to voltage in a

series circuit states that: The total of all voltage drops is equal to
the applied vol t age.
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a. This neans that if 24 volts are applied to a
circuit having one or nore conponents the total voltage used by the
circuit would be the sane as the applied vol t age.

b. InFgure 22 the vol tage drop woul d be 24 volts
because voltage or electrical pressure nust be expended to push current
through the resistance of the circuit and conponents.

3. The last rule that pertains to voltage in a series
circuit is: To determne the voltage drop across any one conponent in
the circuit mltiply the current flowin the circuit by the resistance
of that conponent.

(c) Thelast rule
pertaining to series circuits
rel ates to resistance contai ned
inthe circuit and conponents.

1. Thereis
only one rul e pertaining to resi stance.
To find the total resistance in a
series circuit add the resistance
of each part or conponent in the
circuit together.

2. This neans if
you were to neasure the resistance
at various points in a series circuit

and add themtoget her they woul d be Resi stance in a Series

drcuit

equal to the total resistance of (Hgure 23)
the circuit.

(3) Rules that Pertainto a Parallel drcuit (FHgure 24)

(a) The first rule we wll discuss is the rule that applies
to vol t age.

1. Thisruleis quite sinple and the easiest of all.
It states: Inaparallel circuit, equal voltage is applied to each
branch in the circuit.

2. This sinply

neans if the source voltage is
24 volts and you were to neasure
the voltage at each branch, the
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vol tage woul d be the sane
source voltage; in this case 24
vol ts.

\Voltage in a Parallel Qrcuit
(Hgure 24)

(b) Rul e nunber two applies
tocurrent flowin a parallel circuit.

1. This rule states:
Ina parallel circuit, the total current
flowis equal to the sumof the currents
in the individual branches.

2. |f you neasured
the current flowin a parallel
circuit having two branches
and there were 2 anps of current
flowin each branch, the total
drcuit
current woul d be (2x2=4) four anps.

as the

Qurrent in a Parall el

(Hgure 25)

6)

In

ef fective

the applied

the total current;

| ess than the | onest
inthe current.

circuit
Resistance in a Parall el
4 ohns
drcuit
woul d be
(FH gure 26)

(c) The third rule that
pertains to parallel circuitsis
dealing wth resistance. (FH gure

1. This rule states:
a parallel circuit, the
resistance is equal to
vol tage di vi ded by
it is always
resi st ance

2. This neans, if an
ammet er was connect ed across a
havi ng two conponents contai ni ng
each, the effective resistance

half that of one branch.
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(d) The rules apply to voltage drop and current flowin the
i ndi vi dual branches.

1. The first rule pertains to vol tage drop across
conponents of each parallel branch.

a. The voltage drop across each parallel branch is
the sane as, or equal to, the voltage that is applied to each branch.

b. This neans, regard ess of the resistance of the
conponents in a parallel branch, if you were to neasure the vol tage
drop across each branch, the voltage indicated shoul d be the sane as
the appl i ed vol t age.

2. The second rule pertains to current flowin
conponents of each individual parallel branch.

a. The current flowin individua parallel
branches is in direct proportion to the voltage applied to each branch
and the resi stance of that branch.

b. W know that the voltage applied to each
parall el branch is the sane, but the resistance of each branch can be
different; therefore, the current flow through each branch will be in
direct relationship to the resistance in that branch.

(4 Riles that Apply to the Gonbination Series-Parallel drcuit

(a) Athough the sane rules that apply to series and
parallel circuits are applied to the series-parallel circuit, there are
specific procedures to | earn about applying the rul es.

(b) The procedure for determning current flowin the
series- parallel circuit isalittle different fromthat previously
expl ai ned.

1. (Fgure 27)
FHrst the total effective resistance
of the parallel part of the circuit
nust be det er mned.

2. Next, the total
resistance in the series part of the
circuit nust be determ ned.

3. The resistance
inthe series part and the resistance
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inthe parallel portion of the circuit Resi stance in a Series
are added together to determne the Parallel Qrcuit
total circuit resistance. (Hgure 27)

4. Hing determned the total effective resistance
of the circuit you can then determne the current flow

(5) If you think about these rules in relationship to
troubl eshooti ng an autonotive el ectrical circuit, you can see how t hey
w | hel p you determne why sonething doesn't work.

(a) For exanple, if voltage at the battery is adequate to
run a particul ar device, but at the accessory itself voltage is
i nadequate, the resistance in the circuit between the device and source
nust be too high.

(b) In other words, the voltage drop i s excessive. You can
neasure vol tage drop over a part of a circuit by connecting a vol neter
across that part of the circuit. Then if you know t he anperage, you
can cal cul ate the resi stance.

(c) nthe other hand, if you neasure resistance and
anper age, you can cal cul ate the vol tage drop.
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